A two-layer membrane filtration (MF) medium (injury-mitigating MF [IM-MF]) and a procedure for the enumeration of injured fecal coliforms are described. These procedures included the addition of glycerol and acetate plus reducing agents to both layers of a two-layer medium and rinsing of the filter with a rich resuscitation medium. Some changes in incubation time and temperatures were used. This method was compared with the multiple-tube fermentation most-probable-number procedure and the one-step M-FC agar-membrane filter method (direct M-FC) in terms of fecal coliform recovery from various aquatic environments that cause bacterial injury. With chlorinated sewage effluents, results of the IM-MF technique were equal to or greater than the most probable number in 9 of 18 trials and were 1.3 to 19 times greater than the M-FC method. When sewage samples were chlorinated in the laboratory, fecal coliform counts with IM-MF equaled or exceeded the most probable number in 7 of 15 trials and always exceeded the M-FC. M-FC was exceeded by IM-MF in 30 of 33 trials with clean mountain stream water. Fecal coliform bacteria that were exposed to low levels of an iodophore in the laboratory produced IM-MF counts 3 to 10 times greater than those with M-FC. A biochemical rationale for the formation of the IM-MF medium is discussed.
The phenomenon of membrane filter (MF) techniques producing lower counts than the multiple-tube test or most-probable-number (MPN) counterparts in the bacteriological examination of certain types of water has long been recognized and is well documented (3, 8, 10, 15) . However, the acceptable MF-MPN ratio observed in the bacteriological examination of most waters, plus the comparative advantages of the MF methods, favors the use of MF techniques rather than the MPN procedures (15) .
The differences between counts obtained with MF and MPN methods have increased when certain aqueous environments such as chlorinated effluents have been analyzed (3, 8, 10) . Braswell and Hoadley (3) concluded, with respect to chlorinated effluents, that neither MPN or one-step M-FC agar-membrane filter (M-FC) techniques give accurate results and that more reliable methods are needed.
Heinmets et al. (6) provided the basis for an explanation of these discrepancies when they suggested that cells "killed" by physical and chemical treatment were really exhibiting injury that could be reversed if the synthetic capacity necessary for cell division could be reestablished. Although these observations were based on experiments with chlorine-injured cells, Maxey (10) pointed out that there are a number of environmental stresses that injure bacteria, with the result that these cells are not counted on many selective media. Common examples for such stresses are the aquatic environment (2), chlorine and sanitizers (15) , and freezing (13) . Although the concept of Heinmets et al. of the reversibility of chlorine injury was challenged (4, 7), others corroborated it (10, 12) , and other kinds of injury have subsequently been observed to be reversible (2, 13, 15) .
This concept of reversible bacterial injury provides the theoretical basis to explain the differential in counts obtained when enumerating stressed fecal coliform bacteria by the MF and MPN methods. An attempt to overcome this differential was described by Rose et al. (14) . They devised a two-layer medium to allow for repair and reproduction of fecal coliforms injured by exposure to chlorine, industrial waste, or marine waters. An enrichment medium and a selective medium were conveniently combined in a single two-layer plate. These ideas have been incorporated into a modified membrane filtration procedure for fecal coliforms referred to here as the injury-mitigating MF technique (IM-MF).
MATERIALS AND METHODS
Several experiments and trial runs resulted in the formulation of the IM-MF medium. This mixture of ingredients ( Laboratory-chlorinated samples. Since all of the plant-chlorinated effluent samples contained populations greater than 104 fecal coliforms per 100 ml, laboratory-chlorinated samples were examined to assess the performance of the IM-MF technique with fecal coliform populations ranging from 102 to 104/100 ml (Table  3) . Chlorine residuals were held at 1.5 to 2.0 mg/liter in these experiments. Confirmation data are available for three n.
laboratory-chlorinated samples (Table 3) . Aquatic environment. Comparing the IMhen compar-MF to the M-FC procedure on samples from MPN data clean high mountain streams showed that IMa seen in the MF counts exceeded those of the MFC method that are in-in 30 of 33 trials, with the IM-MF/M-FC ratio obably, the ranging from 1.0 to 3.1. and IM-MF In the presence of biocides. The enumerasamples was tion of a fecal coliform culture exposed to an APPL. ENVIRON. MICROBIOL. Glycerol is a privileged metabolite since it does not cause catabolite repression under these growth conditions and, therefore, does not interfere with the selective and differential roles of lactose metabolism in the M-FC medium. Acetate is also thought to be in the same category as glycerol in this respect, and confirmation results (91%) tend to validate that assumption.
The results reported here indicate that the IM-MF method produces data comparable to those of the MPN procedure when used to enumerate fecal coliforms in chlorinated effluents. IM-MF, in addition, produced higher counts than the M-FC technique on samples from high mountain streams and water containing a biocide. Although the IM-MF procedure is somewhat more complicated than the standard M-FC, it is clearly easier to perform, less costly, and more precise than the MPN. Continued refinement of the IM-MF technique should result in a much improved method for the enumeration of fecal coliform bacteria in hostile aquatic environments, which incorporates the best attributes of both the MF and MPN procedures.
